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TERMINOLOGY 

A  notch  filter  is  a  network  whose  output  frequency 
spectrum  contains  a  single  minimum  in  its  frequency  response. 
It  is  oftentimes  required  that  the  notch  amplitude  be  zero; 
this  results  in  a  zero  notch  filter. 

An  equal  amplitude  notch  filter  is  one  with  a  notch  and 
equal  amplitude  at  zero  frequency  and  infinite  frequency  in 
its  frequency  response  curve. 

An  unequal  amplitude  notch  filter  is  one  with  a  notch  and 
unequal  amplitudes  at  zero  and  infinite  frequencies  in  its 
frequency  response  curve.  .  ,  ,. 


INTRODUCTION 

Notch  networks  continue  to  play  an  important  role  in  con- 
junction with  feedback  amplifier  problems.   In  the  past,  notch 
networks  with  equal  amplitudes  at  zero  and  infinite  frequencies 
have  been  considered.   The  purpose  of  this  report  is  to  exhibit 
a  notch  network  with  unequal  amplitude  at  zero  and  inTinite 
frequencies. 

PREVIOUS  WORK 

The  parallel-T  resistance-capacitance  circuits  were  first 
described  in  Tuttle ' s  (10)  and  Scott's  (8)  papers.   Tuttle  dis- 
cussed the  resonant  conditions  of  bridge-T  and  parallel-T  net- 
works in  general,  and  considered  the  asymmetrical  parallel-T 
resistance-capacitance  network  as  a  single  case.   Scott  applied 
the  selective  behavior  of  parallel-T  resistance-capacitance  net- 
works to  feedback  amplifiers  for  emphasizing  a  given  frequency. 
The  conditions  for  zero  transmission  of  the  network  (it  is  some- 
times called  the  null  network)  were  investigated  and  a  number  of 
arrangements  for  the  network  were  suggested  by  Tuttle. 

Hastings  (6)  made  further  investigation  on  the  stability  of 
the  amplifier  with  a  parallel-T  network  in  it,  and  used  the 
amplifier  as  an  oscillator. 

Stanton  (9)  made  use  of  the  delta-to-wye  conversion  con- 
cept to  simplify  the  network.   He  suggested  a  number  of  con- 
siderations in  designing  the  network. 


Gltzendanner  (2)  and  Givens  and  Saby  (3)  gave  a  detailed 
analysis  of  the  resistance-capacitance  twin-T  filter.   Augustadt 
(1)  and  Purington  (7)  gave  practical  applications  of  this  kind 
of  RC  filter. 

EQUAL  AMPLITUDE  NOTCH  NETWORK 


The  parallel-T  resistance-capacitance  network  in  Pig.  1  is 
bisected  into  half  sections,  as  shown  in  Pig.  2.   Consider  only 
a  half  section.   It  can  be  disintegrated  into  still  simpler 
parallel  component  parts  as  exhibited  in  Figs.  3a  and  3b. 

Let  (A-j^g,  A-j^^)  and  (B-j_q,  B-j_^)  be  the  short-circuit  input 
impedance  and  open-circuit  impedance  of  these  component  parts 
with  respective  subscript. 


^la 


=  1 


Alb  =  l/s 

Bia  =  1  +  1/s 

Bib  =  1  +  1/s. 
Let  A-^   =  the  short-circuit  input  impedance  of  the  half  section 
B^  =  the  open-circuit  input  impedance  of  the  half  section. 

1 


^1  =  ^la 


Bl  =  ^IB 


A 


B 


lb 


1  +  s 
1  +  s 


lb 


2s 


Use  of  Bartlett's  representation  theorem  for  symmetric  network 
yields  the  transfer  function  T^, 


Bi  -  A- 


1  +  s' 


Ti  = 


Bi  +  A]_    1  +  4.3  +  s2 

Since  (s^  +  1)  is  a  factor  of  the  numerator,  there  is  a 
zero  notch  at  co  =  1  in.  the  frequency  response  curve  for  this 
transfer  function. 

Substituting  s  =  jw  in  the  expression  for  T-,  yields 


Ti(jco) 


Ti(  jo)) 


A   graph  of 


1  -  w^ 


(1  -  co^)  +  j  ijXO 

0)^  +  12co^  -  260)^  +  120)^  +  1 
co^  +  28a)^  +  198a)^  +  28g)2  +  1 

Ti(joo)  ^ 


versus  co  on  log-log  paper  is  shown 
in  Pig.  I4..   The  data  for  this  graph  were  obtained  with  program 
No.  2  in  the  appendix. 


lA 


lA 


1 


1/2  s 


) AVsA. 


1/2 


Pig.    1.      The   parallel-T  resistance- 
capacitance   network. 


Pig.  2.   The  half  section  of  the  RC 
network  in  F±s.    1. 


1 


l/s 


lA 


(b) 


Pig.  3.   Component  T ' s  of  the  half  section. 


.001 
0.1 
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Pig.    i^..      Frequency   response   for   the    equal 
amplitude   notch  network. 
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;■■.:.■         UNEQUAL  AMPLITUDE  RC  NOTCH  FILTER 

Theorem  1.   The  network  of  Pig.  5  has  an  unequal  amplitude 
zero  notch  spectrum  if  A.  =  1.   Its  output  transfer  function  is 
(1  +  s2)/(i  +  6s  +  3s^)  . 

Proof.   A  half  section  of  the  network  is  considered. 
Let    A2  =  mid  short-circuit  input  impedance 

B2  =  mid  open-circuit  input  impedance.   '  ■ 
Considering  the  component  parts  of  the  half  section,  for  short 
circuit,  the  impedances  as  indicated  in  Pigs.  6a  and  6b  are 
2  +  2?^  +  As 


^21 


A22 


A2  =  A21 


Ao  = 


2  +  \s 
ikX   +   \s) (2  +  2A  +  As) 
2  +  6X  +  I].X^)s  +    {2\   +  X^)s^ 

A22 

(2  +  2X  +  As)  {I4.X   +   As) 
(2A  +  2X2)32  +  (2  +  8X  +  8X^)3   +  Qx 


For  mid  open-circuit  impedance  calculations,  component 

parts  are  identical;  their  open-circuit  impedances  B  are  the 

same  ( see  Fig.  7)  . 

k-Xs   +   Qx  2As2  +  2s  +  8As  +  8A 

2B  =  1  + =  

2As2  +  l+Xs   +   2s     2As2  +  i^As  +  2s 

As^  +  (ij.A  +  1)  s  +  ij.A 

B2  =  

2As2  +  il^X   +  2)s 


Ws 


1  X        -^ 


2/s 


X  1 


lA/s 


t    « 


i^A/s 


2/s 


Pig.  5'   An  unequal  amplitude  RC  notch 
filter  in  half  sections. 


^21  > 


1 


2A 


a) 


'22 


> 


i|X/. 


2/s 


b) 


Pig.  6.   Short-circuited  components  of  the  half  section, 


2B' 


1 


■> 


2/s 


X 


kX/s 


Fig.  7'   Open-circuited  component  of  the  half  section, 
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i|.X  +   s   +  ij.As   +   Xs^ 

B2  ±  A2   =  

2s   +   i|Xs   +   2\s2 

(2   +    2X   +   As)  (i^A   +    sX) 

+  

8X   +    (2   +    8\   +    8X2) s    +    (2X   +    2X2) s2 
Let   D  =(23   +  i|Xs   +    2Xs2)(8X   +    2s   +   8Xs   +    8x2s   +   2Xs2   +   2x2s2) 


B2  ±  A2  =  - 

D  L 


(Xs2  +  l^Xs   +    3   +   i|.X)(  2^232  +   2As2  +  8x2s  +  8Xs 

+  2s  +  8X) 
±  (2Xs^  +  i^Xs  +  2s)(X^s^  +  6X^3  +  2Xs  +  8X^  +  8X) 


B2  -  A2  =  - 


1 
D  I 


B2  +  A2 


1 
D  L 


2x2s^  +  (12X2  ^  |^^^g3  _^_   ^^q-^2   +  ^gX  +  2)s2 

+  l6x2s  +  32X2 

(i^X^  +  2X2)  s^  ^  (^2x3  +  2i|.x2  +  i|.X)  s^ 


+  (80X3  +  92x2  ^  20X  +  2)3^ 
+  (6ij.x3  +  112X2  ^  32X)s  +  32X2 

Use  of  Bartlett's  representation  theorem  for  a  syinmetrlc 
network  yields  the  transfer  function  T2  with  X  undetermined. 
(2X2)  3^  ^  (-^2^2  ^  |^^)g3  ^  (20X2  ^  -^2^  +  2)s2 


To  = 


B2-A2 


+  I6x2s  +  32X2 


2  —  — — 

B2+B2    {k'>^^   +   2X2)  s^  +  (327,3  +  2i|X2  +  i^X)  s3 
+  (80X3  +  92X2  +  2OX  +  2)s2 
+  (6ij.x3  +  112X2  +  32X)3  +  32X2^ 

Choose  X  so  that  the  numerator  polynomial  has  (  s2  +  o)^) 
for  a  factor.   To  determine  this  unique  value  for  X,  the  Routh 
array  is  formed  with  even  and  odd  power  terms  of  (B2  -  A2) 
separated. 
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Bp  -  Ap  =  (2X^)3^  +  (12^2  +  i|.x)s3  +  (20X2  +  i2X   +   2)  s^ 


Routh  Array 


2X' 


12  A'^  +  i^X) 


+  16X^3  +  32X' 


(20X2  +  -^2X   +   2)     32X^ 
16x2  0 


Consider  a  polynomial  of  the  same  form,  say 


cs^  +  ds  +  e  =  Pe(s)  +  Fq{3] 


as^  +  bs^  + 
where   P^Cs)  =  even  power  polynomial 
PqCs)  =  odd  power  polynomial 


(1) 


.k 


The  Routh  Array 


a 
b 

0  - 
d  - 


c 
d 


ad 


b2e 


be  -  ad 

In  order  to  have  a  factor  of  the  form  (s^  +  co^)  ^q   must 
have  a  row  of  zeros  at  the  end,  and  all  the  coefficients  in  the 
array  must  be  positive.   Therefore 


b2  e 


d  = 


be  -  ad 
Returning  to  our  original  polynomial  in  the  numerator  of  the 
transfer  function  T2, 
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B2  -  A2  =  (2X^)3^  +  (12X^  +  kX) s^   +    ( 20X^  +  12A  +  2) s^ 

+  (I6x2)s  +  32^2 

1         2   -         6   1 
=  s^  +  (6  +  -)s^  +  (10  +  -  +  — )s2  +  8s  +  16    (2) 
X  X   X2 

It  will  be  convenient  to  put  this  polynomial  into  the  form 

apS^  +  bgS-^  +  CpS  +  dpS  +  e  (3) 

Comparing  coefficients  of  equations  (2)  and  (3),  we  have 

a2  =  1 

2  1 

bp  =  (6  +  -)  =  2(3  +  -) 
X  X 

6   1 
Cp  =  (10  +  -  +  — ) 
^         X   X2 

d2  =  8 

62  =  l6 

Substituting  these  values  into  the  equation 


d2 


b2   e2 


^2^2  ~  ^2*^2 


one  has 

1 
X 


6i;(3  +  -)^ 


d2  =  8  = 


1       6   1 

2(3  +  -)(10  +  -  +  — )  -  8 

X       X   x2 


After  simplification,  the  equation  becomes 
lOX^  -  l^K^   -  5X  -  1  =  0 

or 

X^  -  0.ij.x2  -  0.5X  -  0.1  =  0 
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The  roots  (obtained  with  program  No.  1  in  the  appendix)  are: 


X^  =  1.00 


)   success 


^2  =  -0.3  +  j  0.1    ) 

)   failure 
^3  =  -0.3  -  j  0.1    ) 

Substitute  X  =  1.00  into  coefficients  of  equation  (1). 

a  =  2x2  =  2 


>   All  (+) 


b  =  12X2  +  i^x  =  16 

c  =  20x2  +  12X  +  2  =  3ij. 

d  =  16x2  =  16 

e  =  32X2  ^  32 


ad        2(l6) 

=  31^  -  2  =  32  (  +  ) 


u 

b 

16 

d 

- 

b2  e 

=  16  -  . 

be  -  ad 

Hence 

d 

- 

b2  e 

=  0 

be  -  ad 

c 

- 

ad 

—  >o 

b 

(16)^^32 


16  X  3i|-  -  2(16) 


=  0 


e  >  0 
Therefore,  with  X  =  1,  all  coefficients  in  the  array  are  posi- 
tive and  coefficients  in  the  last  row  are  all  zeros. 

We  have  a  row  of  zeros;  hence  we  have  a  coinmon  factor 

ad 
(c  -  — )s   +  e  for  the  numerator  polynomial.   Therefore 
b 

ad 

(c  )s2  +  e  =  32(s2  +  1) 

b 


Ik 


(2X^)3^  +  (12^2  ^  i^x)3^   +    (20^2  +  12A  +  2)3^ 


T2  = 


B^    -   ^2 


+   iSX^s  +  32^2 


B2  +  B2    (1^X3  +  2X2)  s   +  (32^3  +  2k\^   +  i^A)  s^ 
+  (80X^  +  92^2  +  20A  +  2)3^ 
+  (6l4.x3  +  112^2  +  32X)3  +  32^2^ 
For  X  =  1  the  tran3fer  function  Tp  become3, 

2s^  +  1633  +  3ij.s2  +  163  +  32 


T2  = 


63^  +  60s3  +  1914.32  +  2083  +  32 
Repeating  for  the  numerator  and  denominator  polynomials  the 
Routh  array  to  check  for  common  factors. 


3^ 

2 

16 

3k 

16 

32 

3^ 

6 

30 

19ij. 

208 

32 

3^ 

-k 

92 

160 

6i^ 

0 

3 

3 

3 

3^ 

^k 

111]- 

2I1.0 

32 

0 

33 

80 
k.2 

6/|0 
k-2 

1280 
k2 

0 

0 

s3 

2 

16 

32 

0 

0 

s2 

0 

0 

0 

0 

0 

In  this  Routh  array  we  have  a  row  of  zeros.   This  indicates 
a  common  factor  in  the  numerator  and  denominator  with  X  =  1. 
The  common  factor  is 

(23^  +  163  +  32) 
or     2(  3  +  ij.)2 
With  X  =  1, 
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T2  = 


B2  -  A2      (s   +  8s   +  17s   +  8s  +  l6) 
Bp  +  Ap   (3s^  +  30s^  +  973^  +  lOi^s  +  16) 


Jp  -r     n.i~, 

Factoring  both  numerator  and  denominator,  and  knowing  that 
(s  +  8s  +  l6)  is  a  common  factor,  yields 


T2  = 


is' 


(s2  +  8s  +  16) (s2  +  1) 
'  +  8s  +  l6)(3s2  +  6s  +  1) 


The  required  transfer  function  is 


1  +  s' 


T2  = 


1  +  6s  +  3s2 
Furthermore,  substituting  s  =  jco  yields 

(3co^  -   i^co^   +   1)    -    j(6a)  -   6a)3) 


T2(ja))    = 


T2(  jco) 


9(0^  +  300)2  +  1 

2  9co®  +   12co^    -   500)^  +   28a)2  +   1 

810)^  +  5i^0w^  +  9l8a)^  +  600)2   +   i 

2 


versus  o).   The 


Figure  8  shows  the  relationship  T2(jo)) 
data  for  this  graph  were  obtained  with  program  No.  3  in  the 
appendix. 
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Fig.    8.      Frequency  response   for   the  unequal 
amplitude   notch  network. 
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EQUAL  AMPLITUDE  RC  NETWORK  WITH 
CONNECTION  OP  TERMINALS  X,  X' 


Theorem  2.      Connection  of  X,  X'  terminals  In  the  network 
of  Pig.  9  results  In  a  zero  notch  network  with  equal  amplitude 
characteristics. 

Proof.   Connect  X,  X'  of  Pig.  i^.  and  obtain  the  half  section 
representation  of  the  network  after  connection  as  shown  In 
Pig.  9.   Considering  the  short-circuited  half  section  of  the  RC 
network  of  equal  amplitude,  we  have  the  short-circuit  Impedance 
as  Indicated  In  Pig.  10. 

2iJ,s   +   8ti, 


^31 


A32 


[xs^   +  i;|j,s   +   2s 
[i.s   +   2[i  +   2 


\13    +    2 

The  mid  short-circuit  input  Impedance  A  of  the  half  section  is 
^3  =  A31  II  A32 

(2tx2)s2  +  (12tx^  +   k-[i)3   +   l6(p,2  +  ^) 


ix  s^  +  (8tx  +  i|[i,)s^  +  (l6ia^  +  l6n,  +  ij.)  s  +  l6p. 
The  mid  open-circuit  impedance  of  the  half  section  is  the  same 
as  that  of  the  previous  case  before  connecting  X,  X',  namely. 


B3  = 


2 

M-s   +  ( ij.ii,  +  1 )  s  +  [^.n, 


2iJ,s2  +  {l^ii   +  2)s 
Use  of  Bartlett's  representation  theorem  for  symmetric 
networks  yields  the  transfer  function 


7VSAA. 


3c  X' 


1  [^ 


7WW 


2/^ 


^ 


k[^/i 


X 


Ws 
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k.\i/s 


2/s 


.^-^ :; — AAAA — , — /WW 


2A 


Fig.  9.   Equal  amplitude  RC  network  with 
terminals  X,  X'  connected. 


2/s; 


<- 


Ws 


^31 


1  [^ 


^ 


^32 


2/^ 


Pig.  10.   Short-circuited  half  section  of 
equal  amplitude  network. 
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T3  =  ^1^ 

Bo    +  A^ 

[i^s^  +    (5m-^   +   8m.^)s^  +    {Q^   +    28p,^   +   20(1^)  s^ 
+    ik.  +   2iin,   +  i^Oti^   +    I6n,^)s2   +    (32(i2)g   +   61+^2 
ti^s^  +    (5m.^   +   l6ti^)s^  +    (8ti   +   52^1^   +    8i^|j,^)s^ 
+    (ij.  +  l^Oy.   +   l84n^   +   176iJ.^)s^   +    (6i^ij,   +    22[}.[i,^ 

+   128[j.^)s   +  6i].|j,2 

In  order  for  this  transfer  function  to  have  a  zero  notch 
in  its  frequency  response,  the  value  of  (x  must  be  so  chosen 
that  the  polynomial  in  the  numerator  has  a  factor  of  the  form 

This  unique  value  of  [i   is  found  by  splitting  the  numerator 
into  even  and  odd  polynomials  which  are  then  subjected  to  a 
Routh  array  calculation.   First  let  us  consider  a  polynomial 
of  the  same  degree,  say 

(as^  +  bs^  +  cs^  +  ds^  +  es  +  f)  (i|.) 

Forming  the  Routh  array  as  described  above,  one  obtains 


20 


s5 


a 

c 

e 

b 

d 

f 

be   -   ad 

= 

P 

be 

-    af 

_     r\ 

0 

b 

b 

Pd   -   Qb 

R 

f 

0 

P 

RQ 

- 

Pf 

R 

In  order  to  find  a  common  factor  in  these  polynomials  there 

must  be  a  row  of  zeros  at  the  end;  i.e., 

P 
Q  =  -  .  f  ,     Q(Pd  -  Qb)  =  p2  .  f 

R 


(be  -  ad)   (be  -  af)d  -  (be  -  ad)f  =  (be  -  af) 

Q    p 
and  the  factor  is  ( d  -  -  b) s   +  f  =  0. 

P 


(5) 


(d  - 


be  -  af 


b)s'^  +  f  =  0 


be  -  ad 
Referring  to  the  original  polynomial,  one  obtains 

[i^3^  +    (5p,2  +  8^L3)si;  +  (8(1  +  28ti2  +  20m.^)s3 

+    (i^  +   2l|.ij,  +  i^.0n,2   +   I6[i3)s2   +  32n.2s   +  64.p_2 


(6) 


(7) 


If  X  =  l/ix,  then  the  above  polynomial  becomes 

s^  +  (5x  +  8)s^  +  (8x2  +  28x  +  20)  s3  +  (ipc^  +  2kx^   +  k-Ox  +   l6)s2 
+  32xs  +  61|x  (8) 

On  comparing  coefficients  of  polynomials  in  equations  (ij.) 
and  (8),  one  identifies 
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ao  =  1 

b3  =  5x  +  8 
-      C3  =  8x^  +  28x  +  20 

d^  =  ipc^  +  2i4jc^  +  I4.OX  +   16 

63  =  32x 

f3  =  6i^x  • 

Substitution  of  these  values  into  equation  (5)  yields 

ij.(9x^  +  i+^x^  +  71x  +  36)   128x(5x^  +  36x^  +  86x2  +  80x  +  21^) 

-  128x(l8x3  +  90x2  +  li^2x  +72) 
=  5l2x(250x^  +  lOOOx^  +  1320x2  +  576x) 

(9x^  +  i|5x2  +  71x  +  36)  (5x^  +  l8x^  -  i|x2  -  62x  -  ^8) 
=  (250x^  +  lOOOx^  +  1320x2  +  576x) 

ikSx^  +   387x^  +  1129x^  +  720x^  -  2858x^  -  6706x2  -  56i^0x  -  I728) 

=  250x^  +  lOOOx^  +  1320x2  +  576x 
Therefore 

k^x'^  +   387x^  +  1129x^  +  l].70x^  -  3858x^  -  8026x2  -  62l6x  -  1728 

=  0 
Since  x  =  l/[i,    one  has  ■  : 

I7281X''  +  62l6n,^  +  8026tx^  +  3858ix^  -  i|.70ij,^  -  1129ix2 

-  387^-  -  J+5  =  0 

The  roots  of  this  equation  (obtained  with  program  No.  1  in  the 
appendix)  are: 

IX]_  =  -0.81^.07152 

^2  =  -1.2191628 

IJ-3  =  -0.625000 

li.1^  =   -0.8303191 
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tx^,  [j,^  =  -0.2879760  ±  j  0.1272i;71 

H,y  =  O.ij.939271 
Since  there  is  no  purely  imaginary  term  in  the  original  equa- 
tion, only  the  positive  root  [i.j  =   0.i|939271  is  ideal  in  our 
case.   With  [x  =  0.1^939  approximately,  the  coefficients  of  the 
original  polynomial  (7)  are 

a   =  \i^  =   0.1205 

b  =  5lJ.^  +  8iJ.^  =  2.1838 

c   =   8tJ,  +   28ix2   +   20ti.^   =   I3.I92J+ 

d  =  i^  +   2l^\i  +  ij.0ti2   +   iSy,3   =  27.5i| 

e   =  32(j,2  =   7.8068 

f  =  6i^ij.2  =  15.6137 
Substituting  these  values  into  equation  (6),  one  obtains 


15.1671 

27.51]-  -  ( )  (2.1838) 

25.i;91 


5^  +  15.6137  =  0 


s2  +  0.595  =  0 
a  factor  of  the  numerator  polynomial.   The  presence  of  this 
factor,  which  is  of  the  form  (3   +  00  )  ,  indicates  that  there  is 
a  notch  in  the  frequency  response.   If  normalization  of  the  zero 
notch  frequency  to  one  radian  per  second  is  desired,  then  one 
can  replace  s  by  \/0.595'  s. 

For  |i  =  O.ij.939271,  the  transfer  function  becomes 
0.1205s^  +  2.l838s^  +  13.1921^.3^  +  27.51^32  +  7.8063 

+  15.6137 
To  =  — • — — 

0.12053^  +  3.14783^  +  26.8573^  +  89.85ij.32  +  101.6833s 

+  15.6137 
which  factors  into  (see  program  No.  1  in  the  appendix). 
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To   = 


(s  ±  j. 7713683)  (s  +  5.i;57226i|.  +   j  0.6550105) 

(s   +   7.208i;062 


(s  +  0.1809557) (s  +  13.0390631) (s  +  1.8777198) 
(s  +  i]..i|ij.39298)(s  +  6.5811530) 
Substitution  of  s  =  joo  yields 

(2.l83i;w^  -   27.5i|a)2  +  15.6137)    +   j(0.1205co^ 

-   13,1921^0)2  +  7.806c 


T3(ja))    = 


30)) 


(3.1i|78a)^  -   89.85i|co2  +  15.6137)   +   j(0.1205oo^ 

-   26.857W  +   101.6833co) 

0.01i|52a)-^°  +   1.58792co^+  55.659o)^  +   620.6739o)^ 


T3( jw) 


799.069co^  +   21^3.7876 


0.01i4.52co^°   +  3.i;360i|a)^  +   l80.11+07co^  +   2710.1i;09oo^ 


T3( jw) 


+  7533.5867(0^  +  21^3.7876 


versus  co  on  log-log  paper. 


For  the  graph  of 
refer  to  Pig.  11. 

The  data  for  this  graph  were  obtained  with  the  program 
No.  l\.   in  the  appendix. 

The  connection  of  the  terminals  X,  X'  have  essentially- 
changed  the  RC  notch  network  into  an  equal  amplitude  network, 
as  shown  in  the  frequency  response  curve  in  Fig.  11.   The  notch 
frequency  has  also  been  shifted  to  00  =  .771  (less  than  co  =  1) 
and  the  minimum  notch  value  is  zero. 


2k. 


ANGULAR        FREQUENCY      IN       RADIAN       PER      SECOND 

Pig.    11.      Frequency  response   for   equal   amplitude 
network  with  terminals  X,    X'    connected. 
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COMPARISON  OF  NOTCH  FILTER  Q's 

The  factor  Q  defines  the  sharpness  of  the  notch  curve.   A 
bandwidth  co  is  defined  by  the  points  at  which  the  curve  has 
dropped  to  70.7  per  cent  of  its  peak  value.   The  explicit  formula 
is 


Q  = 


(^"o^Bdb 


where  Wq  is  the  notch  frequency. 

In  other  words,  this  factor  Q  is  the  reciprocal  of  the 
bandwidth  in  units  of  the  notch  frequency. 

Case  1.   Equal  amplitude  network. 

Prom  Fig.  l\.,    the  curve  for  equal  amplitude  standard  twin- 
tee  network,  one  obtains 

1 

Ql  =  =0.158 

6.5  -  0.l6 

Case  2.   Unequal  amplitude  network. 

Since  the  magnitude  of  the  curve  (Fig.  8)  at  zero  and 

infinite  frequencies  is  unequal,  the  bandwidth  is  undefined, 

so  0,2   for  this  network  is  undetermined. 

1 

Q3  =  =  0.132 

6.0  -  0.1 

As  Q.^  is  smaller  than  Q^,  the  notch  for  the  standard  net- 
work (Fig.  I4.)  is  sharper  than  that  of  the  new  network.   The 
smaller  Q^  for  the  new  network  also  indicates  that  a  wider  band- 
width is  achieved  and  this  may  be  useful  for  certain  applica- 
tions.  The  bandwidth  is  increased  by  I6  per  cent. 
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SIMMARY 

An  RC  notch  filter  is  a  filter  with  a  notch  in  its  fre- 
quency response  curve.   Three  cases  of  such  filters  have  been 
exhibited. 

1.  An  equal  amplitude  RC  network. 

2.  An  unequal  amplitude  RC  network. 

3.  An  equal  amplitude  RC  network  resulted  from  the  con- 
nection between  terminals  X,  X'  (see  Fig.  5) • 

Connection  of  terminals  X,  X'  in  Fig.  9  has  changed  the 
nature  of  the  original  network  with  a  zero  magnitude  notch  at 
a  lower  frequency  than  w  =  1. 

The  graph  for  the  frequency  response  in  each  case  clearly 
illustrates  its  particular  amplitude  qualification  of  the  net- 
work. Measurement  of  Q's  indicates  that  a  wider  bandwidth  can 
be  obtained  with  the  new  network. 

A  notch  filter  cascaded  with  a  low-pass  RC  filter  will 
have  a  frequency  response  like  that  of  the  unequal  amplitude 
case.   This  type  of  filter  may  be  particularly  useful  in 
averaging  nonstationary  random  signals  and  in  smoothing  com- 
mutated  signals  before  sampling.   Design  data  for  this  type  of 
unequal  amplitude  network  are  given  by  Hansen  (5). 


J'^mr-'' 
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READ  POLY.  ORDER,  N 
READ  COEFFICIENTS,  a 


1 


SET  INITIAL  ESTIMATES 
FOR  p  and  q 


yes 


c  ompu  t  e  c ' s 


PRINT 
x2+px+q 


compute 
p   and   q 

^ 

p  =  p  +  Ap 

q   =    q  +    Aq 

reset  a ' s 
from  b ' s 


N  =  N-2 


Pig.  12.   Block  diagram  of  Bairstow's  polynomial 
factoring  computer  program. 


T.0iiiV'"y 
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PRCGRAV   1,  liAIRSTGW  METHOD  Cr  POLYNOMIAL  FACTOR 


MONSS      JOB   BAIRSTCW  METHOD  OF  POLYNOMIAL  FACTOR 

MON$$      ASGN  MJB»12 

MONSS      ASGN  MG0»16 

MONSS      MODE  GO 

MONSS      EXEQ  FORTRAN , , ♦ 18 ♦ 3 . ♦ ♦ 3A I RSTOW 

DIMENSION  A(20) ,B(20) .C(20) ,PI (5) tQI (5) 

EQUIVALENCE  (A1»A(1))»(B1.B(1)).(B2»B(2)),(B3.B(3))»(C1»C(1))» 
1(C2,C(2)),(C3,C(3)).(C4.CI4)) 

1  FORMAT ( 12) 

2  F0RMAT(E14.8) 

3  FORMAT( 18HKMETH0D  HAS  FAILED) 

4  FORMAT( 1X»F16.6) 

5  F0RMAT(4HSX  =,F11.7»25H  »  X  =.F11.7) 

6  F0RMAT(4HSX  =,F11.7.4H  +J  ♦F11.7»3X,7H  ♦   X  =.F11.7»4H  -  J,F11.7) 

7  F0RMAT(4HSX  =.F11.7) 

8  F0RMAT(39H1C0EFFICIENTS  IN  DECREASING  POWERS  OF  X/) 

9  FORMAT( 1HK»60X,61HIT£RATI0N     B<1)  B(0)  P 
1             0/) 

10  F0RMAT(61X,I5.3X,lPE14.7t3(lPE15.7)) 
C      SET  5  INITIAL  GUESSES. 

PI  (  1  )=4, 

QI(1)=3. 

PI  (2)=2. 

0II2)=1. 

PI(3)=0. 

QI(3)=-1. 

PI I4)=2. 

QI (4)=2» 

PI(5)=-2. 

Qn5)=2. 
C      READ  ORDER  N.   N=0  TO  TERMINATE  PROGRAM. 
12     READ  (1,1)N  ... 

IF(N.EQ.O)  STOP 

N  =  N  +  1 

WRITE(3»8) 

DO  14  I=1,N 

J=N+1-I 
C      READ  COEFFICIENTS  IN  DECREASING  POWERS. 

READ( 1,2)A( J) 

14  WRITE(3,4)A{ J) 
IF(A(N) .EQ.l.)  GO  TO  16 
DO  15  1=1, N 

C      NORMALIZE  COEFFICIENTS.     -^ 

15  ,A( I  )=A< I )/A(N)  ^ 

16  1  =  1 

WRITE(3,9)  ... 

17  IF(N-3)  130,120,18 
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19  L=N-2 
ITRY=1 

C      SET  INITIAL  GUESS  FOR  P  AND  Q. 

20  P=PI(ITRY) 
0=QI (ITRY) 
ITCNT=1 

C      CALCULATE  BS. 
25     B(N)=1. 

B{N-1)=A{N-1)-P 

DC  30  K=2»L 

M  =  N-K 
30     B(M)=A(M)-P*B(M+1)~Q*B(M+2) 

B1=A1-Q*B3 

WRITE(3»10) ITCNT»B2.81,P,Q 
C      CHECK  ACCURACY  CF  GUESS. 

IF<ABS(B2).GE.. 00000001)  GC  TC  45 

IF(ABS(B1).LT. .00000001)  GC  TC  60 
45     ITCNT=ITCNT+1 

IF( ITCNT.GT.25)  GC  TC  150 
C      CALCULATE  CS  FCR  CCRRECTICN  CF  P  AND  Q, 

C(N)=1. 

C(N-1)=B(N-1)-P 

DC  50  K=2,L 

(VsN-K 
50     C(M)=B(M)-P*C(M+l)-Q*C(M+2) 

C1=B1-Q*C3 

DENCM=C3*C3+C4*(B2-C2  ) 

IF(DENCM.EQ.C. )  GC  TC  55 
C      CALCULATE  DELTA  P  AND  DELTA  0. 

DELTP=(B2*(C3+P*C4)-C4*B1)/DENCM 

DELTQ=(C3*B1-(B2*<C2-B2+P*C3) ) )/DENCM 

GC  TC  57 
55     DELTP=.l 

DELTO=.l 
C      CCRRECT  P  AND  Q. 
57     P=P+DELTP 

0=0+DELTQ 

GC  TC  25 
C      RCUTINE  TC  FACTCR  QUADRATIC. 
60     DSCRM=P*P-4.*Q 

IF(DSCRM.LT.0. )  GC  TC  110 

RCCT1  =  (-P  +  SQRT(DSCRM)  )*.5 

RCCT2=(-P-SQRT(DSCRM) )*.5   -^ 
. WRITE(3»5 )RCCT1.RCCT2 
80     N=N-2 

DC  90  J=1,N 
90     A(J)=B{J+2) 

GC  TC  (17.12)  ♦! 
HO    REAL=-P*.5 

CXPT=SQRT(-DSCRM)».5 

WRITE(3»6)REAL.CXPT»REAL»CXPT 
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GO  TC  80 
C      FACTOR  LAST  QUADRATIC  REMAINING. 
120    1=2 

P=A(2) 

Q=Aa) 

GO  TC  60  • 

C      REMOVE  LAST  LINEAR  FACTOR. 
130    R00T=-A(1) 

WRITE(3»7)R00T 

GO  TO  12 
C      PREPARE  FOR  ANOTHER  INITIAL  GUESS. 
150    ITRY=ITRY+1 

IF( ITRY.LE.5)  GO  TC  20 

WRITE(3«3) 

GO  TO  12 

END 
MONSS      EXEQ  LINKLOAD 
CALL  BAIRSTOW 
MON$$      EXEQ  BAIRSTOWtMJB 


3k 


ooooccoo 
I  I  I  I  I  I 

LULJiUI.JJJUIIJ'XI 

O>J-0- J^O  —  OO 
oof^JU•^cr:fMoo 
ocnoo—iooh-oo 

omisjo— ooo 
m  ^^  u>  fNi  .-< -- -^  ^ 


OOO-'  —  — -l-H 

oooooooo 
I  I  I  I  I 

ujLuujujujujajuj 

o^r^— »^o^ooo 
0C7^aDcr"nnt_)0 
o-j-<-o-'Ooo 
>r(M"-'r~>c  .0-0-0 


0000000-" 

I   I   I   I   I   I 

OliiJtJUJUJiJlijrlj 

OF^^oococrcoo 
o  — --I  (sii/Mn -J  O 
O  — -00— 'CT-OO 

Oh-OOf^lTPOCO 

po«-t(Nifripoor^»o 


0000000-- 
I    I    I    I    I   I 

UJLULJUJUJ>ijL.ILU 

O(»ior^r-s0.oo 
**  oorcinr-F-tosJO 
rt    omco(j-r^irif\jo 

-»-ir\.occo-0'-<oo 

Z 

a 


or  o 


ocoo 
0000 
0000 
0000 
0000 
0000 


35 


00000  0  0^0  00  0^0  0  0^'-*000i— oooo^^^^^ooo^-^ooo 
ooooooooooooooooooooooooooooooooooooooo 
II  II 

IjUUJLJUJOJUJUJ'IJ  iJlUUilijajlJJU^UJ'iiUJ'.UlU'JJllJUJlULJUJUjLJUJ^LIUJUJUJLlJUJ'-UUJlJUJ 

O  O  C7*  fsj  r^  *0  rn  sT  o^  ^  m  rn -^  ^  0 1^  a:*  r*^  u~*  <^  r^  f\)  cr  CO  ro  O  O  ro  C^  ^d  <-»  sO  fO  iT*  in  f*  00 

O  O -^  ^O  ^  O^  U^  vf --J  ^0  fNi  O  O  r^  IN -J" -J"  <>  (\l  ^  >»•  iTt  O  O  CT*  O  O  <)  ITS -o  cr '<^  :^  ^  r^  fv -^  o  o 

oo>r  c^f^^c^ir^co<-^C7^•o^•f^^nrg^-f^cr  oor--co>r 'j'r^oO'0(NiC'inr*-^r~Oii^<)00 
oo(T'fNJO'0^«o<-''-*-tcr  srmoo^omf\jsj-aop-4F-immoooir,iro^^o^o<-<oo 

O4'rnmr^tnrrtxxs0sC(7*ot>i/^ocr»-<<-«^"-«irr--f*^oO'*^-j'tnrg*T*r\r-^in^ooo 

I       II       II       I       II       I       I   I   I   I       I   I   I   I       I   I   I   I   I   I   I   I   I 

o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  <-' o  o  o  o —*  o  o  o  r  J  .-•<-• '^ --*  o  o  o  <-t  rsj  f\j  .-n  r- m 

oooooooooooooooooooooooooooooooooooooo^ 

I  I  I  I  I  I  I  I 

UJUJUJLJUJUJUJUJllJLUUJUJUJIXiajlJjUJUJUJU-'lUUJUJUJllJUJUJLUUJIiJllJLJUJLUUJUJ 

o  o  >o  ir\  ^  o  o  X  X  ^r  "n -o  r*- sD  r- in  cc  ^ -n  o  o  a*\  r<* -o  sT  o  o '^  N  rsj  >r  r^  o  1^  o  in —« r*  ir» 

CL      OOf^XNOfO.-'-^X^^OrOOOO'"Of*-<i3XXrs.'Oh-'-'— 'OOO-J"0^X-^OO«-*O>J'<-'0 

o  o  in  r*- tn  in -t  >r  in  r-t  o  in  >f  r^  X  o -o --< -^  fNj  rg -^  r^  o  in  o  o  r*  cr  o  cr  ^r -o  in  o  f^  CT*  ^-«  <?» 
CJO'--'rvjrNjvO<)^cro<— '>r'4'-^ir*r<^ajin<--'rvjfT'XOf^>3'00-^'^f^ocDf\!sor^'>r'-^'*^'-- • 
ooinu^c7'Ocrr\j>T<^^rinxincof^inotr'C(/*^^njsijoou^inininr*mp*-(\('--'«-^oin 
o^^*^^G•■^^-a'X^g^o<)OX^^'^(N^vJ^W'J■^f<^J|^xc^^-o■a■-^<J'OC^ln^-'0*<^'0(^i•-«^n 

■4- ro  sf  f\j  rn  ^  fNj  (^  in  rn  4"  ro  rn  in  ro  sj- r*- »— r«j  <^  >*■  fsj  •-*  rg  rn  fv 'O  N^  (vj  f-*  cr  in  t^ 

I  I    I    I    I    I    I    I    I    I        I    I    I 

,^.-i,-4,^^^<^.^-.4<-4.-«.-i^i^<--<i~«^^i--ioargf-M<-H^^{Njrgi-~4'-Hf-iu^inx^^'^rsj(Nj>^-^^ 
oooooooooooocooooooooooooooooooooooooo<-< 

I  I  I 

UJXIUJUJLlJliJ'JJUJt_l)LUUJl.JlUUJUJiiJIJUJliJUr-J'UUJ'.J    IJ'-U1.J'_:JIIJUH   JMJUJI.J'JJ'  -JIUOJUJ 

o  o  h- in  ^  >j' o  »*>  f^  ^ --^  cr  r- <-<  X  >}•  r*- o  ro  (Nj  r- o*  c^  f^  nJ- o  o  o  ^  c  o  "^  in  r- cr  ^  1^  f*^  o 
*-  oo*j'f^p^iO---«>Toroo'r-r-<— 'xo^oinxro^omin^'.j-ooir. -j-in^r-j-r^inrnr-rsjoo 
O  oOfMf^.xxr'^^ox^^J<£)(^JOf<^X'COO*Oln»0^-(Nln^COOC^O^C~C^i^'^^^JC^O'0000 
—  o-ox(N'*^•-^^^<^J'0^*(^u^^^lnx^OLnln4•o(Nn^-"naoox>rf^lO^*-o<^Jf^t^-'^^-^o^o 
00  oln-nxr^'^C'^^xf<^•J■^-<)xc7'(^Jc^^^^<--"'*^^n-o^n(^JO^-^-^->t•o^^xlnO'^'^o■o 
o  (M  cr  ^  o  ^  o  :^ -^  f- o --' cr  CT"-^  cr  o 'T -^  nO  o  X  (Nj  ^- w  o  o  in  rg -H  o^  m  rr  X  ^  >j- o  ro -J- 
^^iO^^^-^^x■4■^^^~oo^O'<)ln*Oln(^J■4■^ln■>o^-'T-i'cx.(NC^^^^4■cc^Xlnlno'^■4■'4■<^' 

f\i  fsj -- in  w  ^  sT  ^  ry  rsj --- rn -^  rn  rj  ^  X  f\i  r^  Ovj  ^  «J- •-«  ^  i-H -rf  rn  ■-*  m  ^  rg  X  fNj  ^- f\i  (Nj  fO  <-i  rn 

I   I    I 

ooo— "OO^OCJOOOwJ  ooofNi— •-JOurvj^r-*ooin>r>r-nrnrgfNjF-^^^^song 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO^* 

I  I  I  I 

UJU.LJinU^LIUJ'lJUJUJUJUIlUUJU-'UJtljLJ'JJL^'ilL  MiJU-UJ -JUJu- LJlllUjiUU-'UJ'-.    LJUja.t  J 

o  o  fSi  eg  ^  r^  h- '  o  cr  in  r- -^  oj 'H  ro  o  r^  ^  t*- — <  CT"  o^  in  ^  o  o  o  (Ni -^^  o  h- iT*  X  :*!  X --t  <j^  ^  o 
—»  oo<-'>or^or-NOCT'<-tofsjin.'^>j-r-r^oor-OLnoin>ooo<-'a"f^xxr->j-f--rg-^xo 
i-i  oof^^n^o.--«•o•o^^^-^^^-•-*rn^o^o<>c^O'*^lnlnc'^go^o*Olnc^Olnx(^J*otn'OP<^<;x 
•—  oOr-r*rgj^a'Oxxinvfu^r*>---r-j"^sCin*oro-^fNj.Mffoc>f^in-^o-t*Lrin'-«x^ir((\i 
fu  or\j^ij>f*o.  crogr*^NOOrMfvjrnvf  in u^ in rn>ru^o^ f^xo<N<-«  ^Ct^nT  £«•--< ^^c^^g^rn 
o^s}-«o^(Nit^oo<-»^oorooinLnr^>j-oxcrst^oor-oc7*NOina*xrgmr^  j*^in 
OCT*<-»'^oino-j"^-^^r*-'^'NCMnc>ooxfno<-*in«-<inoO'^'Ocr-  ■oxo^'4"'-«xxh-'0 

,J■^»r^^n'4■^^■OlnsJ■c^^tx^omrg^ow^oro•-<r^^>J•^omc^f^^^■cg•o^ln•^^o4■^*•4• 
^  I 

o 

<  <-*^gf<l^J•u^^o^-x(T'0<--^^gf*^'.*■ln^^-x(y•Of-•f^i'*^•4■ln•-^^gf0^ln^r*■xo^o^-Hf^Jr*^■4■o  "-^ 


UJ  ^ 

ae 

u 

.lU 

u  -)  -> 

000;J0                                                                    ♦  * 

z  ooooo 

>-i  ooooo                                                    o  o 

ooooo                                                    o  o 

I/)  ooooo                                                    o  o 

t-  ooooo                                                    o  o 

^  ooooo                                                       o  o 

LU  ooooo                                                                                                                                                                                              O  O 

n      o  o 

U.  I 

IL 

111  II  H 

(J  ■                                                                                                                                                                                                                           XX 


36 


ooooooooooo 
I  I  I  I  I  I 

•JJ  UJ ' .  J  LJ  UJ  U  J I  J  J  J  UJ  Ui  LU 

o  nt  (T' tr> 'J- (\i  cc  CT"  r*- -*  ro 
oiAfAsj"  o  vO  sO  r>- c^ -J"  fo 
o  >r  o  CT*  r- o '^co  rsjofo 
o  ir>  o  r*  in  r^  ^  <Nj  cr  m  fO 
o^r^r(^Jaoo^-^*om^*^ 
o  ^  o  i''  cr  ■.£  "  o-^mm 

'n  (M —t  f^  ro  O  u^  r<^  fTj  T)  rn 
I    I    I    I    I 

OOO'-OOOOOOO 

ooooooooooo 

I 

LUUJUJLJUJUJUJUJaJUJUJ 

o '/>  >r  o^  ^  — '  f^  J*  o  ^  c^ 

OJ'f^<— '-OCOn^^OrsjsOO^ 

0  in  rsj -M  f\j  rsj  o  O  lr^  r^  c^ 
o>r*ooir*mcoc^crc7»a* 
OinoGCjcrir'^TfvJ-JTrcr' 
o>r>rcLr^>XJ^rsicr(/'<r 
ouT^— CT*in.of7'crocr 

^  sj- — h- -HfSJ  —  —  ^ — 

I    I 

-^ -^^  rsj  CM -^ — o  <-•  1-^  o  o 

ooooooooooo 

I  I  I  I 

UJ'.lJ'UUJUJLUI   ilUtU'J.U 

•£00*Ccoo*m>j-.-i(Nir\j 
0(7"On-ifSJCMn,o-^,00 
»©  ^J■  f\J O  LOl^ OQ  —  O O (Ni 

^o^-^o^-(^J^^JCT'^-<-'coro 
»Oh-— .— t(Mr»crrn'^coo 
O  CO  *^  >J- ir>  >r  —  rg  rrt — f^ 

— i\joorgoo>^ro^.-trg 

1  I    I    I    I 

OOOOOOOOOOO 

i   I   I   I   I 

IUJJIJUjUJ  J.UJli,  uji.»'o 

*0'— 'OcX"^tnOsj'*0'0rg 
NO-tor^-Nj-rg-Osf^j-i^*-* 
<o  o  o -r  r^  <-•  00  o  o  **■  rn 
<0•Oor;L/^oD^-C^.•^l^(N.'0 
-o  >o -H  m  o -J- fNj  CMP  ^  rg 

«0 -^  CM  CO  00  CO  (T- fsj  o  ra -4" 

^ror^r*ooo<?4'00'n 

>j- CT*  (N  h- (Ni  ro  •4' fsi  rsj  <-i  ro 
I 


ooooo 

ooooo  ^  o 

ooooo  f\  o 

ooooo  o  o 

ooooo  lA  O 

COOOO  ro  o 

ooooo  00  o 


o 


1/5   '     I 


oooooooooooooooooo 
ooooooooooocoooooo 

lUlUUUJUJLJUJ'UlUlUUJ'XIU'U  J-U'ULJ 

o^foocroc— ^^*•L'^cc"'— 'O^^rocr^oo 

Occoro^^r-mf\jOO(Nj'Orgr*-^ou^>J" 
o  X  >j- ^o  ^  i^  -  <  o '\)  c  —  r- 1'^  "^ '^ J  rNj  (N  t\j 
ou^(^JOf^l/^>J■'*^fvJ^•-^ooooooo 


OJUJ  JJIUU 

o---cr--o 


OOO 
I    I 

'-UI-JUJ 

DOc^ 

•C-'O 


ooooo 
I  I  I  I  I 

a  o  iT  o^  f\t 
ji  ^  r~-  r-  u"v 

o-im  j-^ 

cr  -J"  '.r  xj  XI 


OO  — 
ooc 
I 

LJIlJIU 

oo>r 
or  r- 

OO'-f 

coo 


ocooo 
I  I  I  I  I 

r-  c  o  •"  -^ 

■^nOx  CO 
-C  ^'^  1^  r*- eg 
in— o  JTsi 

sOr*^OC>C> 


37 


f*>(\ir\j^-<^^^^^^^*— »-^^H-^^-«— 1^^^--^#^         rof\j^-»^^^tt;'*-*OinnnuMn 


p'^*^>OrNj*^— 'CT*^ 


oooooooooooooooooo 
oooooooooooooooooo 


OOO' 
O-i— 

o^r- 

0<N|-" 

oxo 
ox  J- 
Oirry 


UJUJUJUJLUUJ 

aiONj-o^.'Ni 
cr  fNj  >t  f-< -^  ^-* 

i-l  >0  ITi  X*  sj- ^^ 


LUUJLiJ 

rgo:o 
-r-oo 
room 

(MtNlfM 


LULLJLUUJUJUJ 

r-inr^  j-o— I 
rsnn(^J^-^Oa^ 
roo  j'-jinr- 
rsjo^ooc^ 
o,  r*-  >o  'Cmir* 
oooooo 


ooooooc 
ooooooc 

UJUJlXlUJUJUj 

O  J^rvjxxx) 
oo-oo^i-^ 
Of^r^J>rrMO 
Ou^^o^lr^t^l 
ooDij^-or-m 
O  CD  iTi  tmr- '*^ 
OPgr-'^ox 


UJIUUJ 
>o— "O 
j-oorvj 
irvsj-  — 

(VjO  — 

r-,0  0^ 


30000 

:oooo 

UJLJUIUJ 

^  :>  in  .-Ni 

CO  4-——* 

^irtiTin 


o 

OOO 

UJUJUJ 

o-^f^ 
ooo 
0'<^0 

OOC7- 
OX  — 
C^-> 
ory^ 


OOOOO 

I  I  I  I  I 

ujiijtuajiij 

o  -n  X  st  O 
— ^rg^r  -»^rg 

inf^f^^OT" 
>J■l''^f^J^Ol^^ 


^(^'<*'Nj(\jrgrsirgfNjrgrgrgr^j(N.(NifMfNjfM         *jTOf\jr\,rg^ 


sf  rg— 'C3  4Di/>mm 


LJLiJlU 

-OO-O 

oir.m 
%0X)O 
-i-i- 
inorg 


ODO— rgrg 

oooooo 

I  I  I 

Org>tP^  — O 

f-r--o<Mor- 
— *h-orgx  cr 
o  ^*  ^  -o  r7*  N- 

«oxo^--^m 


OOO 

I  I  I 

LUJJIi. 

r~-inr- 
•o-co 
rgiM  — 
-o-org 
rg^r^ 

-J-inX) 


^  ir\  gD  o  X'  O 
OOOOO— 
I    I    I    I    I    I 

IJ'U' JlUlUtU 

rojTgr^pgoo 
cr  m  u^  O"  'O  ^ 

'-AXOOr*^  — 

r-  >o  X  "'^  ^O  ^ 
j-OJ^  —  o-O- 

Of^-CIMfM>t 


Nfrgo 
0-xc 
— -ic 
rgo-^ 
oooo 
rgCT^^ 
>oog3 


O-i-i 
OOO 

I   I 

lULJUJ 

—  ^r- 
c-g;  — 
f^-o  — 
f^rgx 

TO  — 

o-gj  — 

C>0  — 


rjrg.-^^j- 
OCOO 

I  I  I  I 

II  USUI 
O  — ropg 

—  o-g3  — 
■nooo 
xjrgvf  o 
— r^-o  J- 


inX)-!- 
OO-" 

I  I  I 

JlU'Xl 

ip-ro 

—  gjO 
Crgx 

j-r-pg 


I 

UJt-J'-J 

g;o— I 
erg  J- 
^rg**^ 
0(Nig> 

— xo 


ooooo 
I  I  I  I  I 

ju-inujgj 
,Of*>x.  cr>f 
r-xxO'X) 
r^  — cr— or) 

—  rNjr^inr^ 

i/>r-oxif\ 


rgoDCv.o*rO'-<mO'cg<£)^^m.-^rgo^^0^h- .       *£)rgg3fstg3rvj>0'--«<"r~fvJC>h-         <-<fNj^^^fsjcg^^^^ 


tM  — — OOO 

oooooo 

UJ  LL  U,  'J  J  Ul  U 

gjr^X'CT-— o 
— ^r--m— — 
inorgoofjo 
inirx.-noo 


— pgfNj 
oco 
I  I  I 

g:(Njo„ 
(J-O- 
aoorg 

h-g)0 
—  ir>g5 


OOO 

I  I  I 

U-'l..:U 

X  — g; 

a  (T-CT- 
-j-xrg 
mirx 


i/Mr*g3h*X)o 

COOOO-^ 

I  I  I  I  I  I 

i:U'u  L.J'Jjl-J 

r^o^xiAxxt 
st  'J-  o^  a*  o  X 
h-a)g:r-oro 
>ffT«>rx  — — 

C'O'— 'OU^O 
r»^  r- g3  >}•  rvj  >j- 
>org>r  0*^0  — 


rga><\je7*'*^rg{<»(>f\i'0^'^Dorgino^h-^ 


>-iMm  ~»-mg3  f~  OO  o- o— rgf> -Tin  g>r^  00 


— — o 

OOO 

gjrgiA 
fvjmm 
cra-f- 
— IT  in 

rr>0>t 

gjog) 


O  — — rgrg 
OOOOOO 

I  I  I  I  I 

J   uJI.  LJI   I 

Og  on  <n>3-org 
inf^rg-oog; 
roxin  ■A'nc- 
rgrgNj-am^ 
— ln^^xlr^— 


■j-inx^-f 
OOO  — 

I   I   I   I 

u  LUji;. 
OingjO 
XX  CO 
xrsiOf*^ 

xxr^C^ 

ingsr^x 


— o-" 
OOO 

u.u  u 
-T-OC 
sf  inc 
in- c 
g:4-f^ 
xo^o 

eg— (v) 


^-^rg.-'^ino^ 
OOOOO 

I  I  I  I  I 

UIU.UILJUJ 
OJlT,  — X-J- 

•  n  rv  g".  nO  — 
inoCMNO 
f^rgO-rgiNJ 
— r^r^fMin 

O''^oor- 


sOfVi'CfM'Org.O(Mma3f*^>*co        —  f>ccrg-^«j'^'*> 


•-trgm^ir*OP*coo^o— *vif*5 


i-<rg  (*^  >i- in  »o  r- 00 — 


ooo 

OOO 

OOO 
r,co 

OOO 
OOO 
OOO 


■  D  ,  --.  ] 

OOOOOl 
OOOOOl 

ooooo: 
ooooo' 

O  3000' 

ooo| 

OOOOOl 


tJOgDgJX  .jCT^r-in 
rg— o.imr-pga:>4*: 
f^rgox  -r- 1-)  I  I 

(      ! 


f-. 


38 


Soocoooooocooooooooooooooooooooocooooooooooooooooooocoo 

Mrij,,.i..i,,ti,.l.llIllll_I  ^^ 


in  ^  r- -.  O"  to  fP  3- O  <?■  f^ -i- O  f^ -- "^  ff> -•  O  <^  — •  r- — 

-^  "^  O*  ^  ■* ''*  CN.  •^  •-"  <t  lf^  »*  fi  u^  »/^  t<^ 
I   I   I   t   I   I   I   I   I  I   i   I   I   I   I   (  I 


o  «#■  o"^  ^  (^  f^  •«■•»■—— 'T' c  If*  ■*■  rf*  CO  CT- o- OD  ^  u>  <M  ■£  r^  o -*  ^- X ' 
o  oc  <MN(  03  ^  rg  IT  J- ^  (?•  o  t/> -o  iM  cc  (?■  r- --^  r- c  fs- J- -^  ^- o -r  o  g 
o -r  cci  <M — m  (\j  y^ 

0'-•oooc•^"'^oc' 
o— fVi^-r" 


,-o-c- 


sKifStOr- 


MTira 


M*u>occ<rO'<r 


MfVifN 


-OOOrMiT 


SSSSSoSoSSSocSSooScSooooooSSSSSSSodcdodoooooooooooooooo 

..iUliJUiUjLUblUJUJUIU>UJlUtJUJUJLiJUJUJU>UJ 

ff^  ^.h-o,  O— '(NOfNi  0-0J^^|■0•OC^'J•f^('7' 

-in IMC  4" 'JO'  >rr^-^*^0(7-ajaiO— rga*tJ' 
o  (7- o  i^  lA  O -*a) -J  <-n  r- rsj  o  ■*  *ri  o  O  lA  ^  00 

-  X  tn  — .r>  ■— r^ -x -o  ^  J- ■0---T -T  0^- h- "— r^ 


oj"*>— f^-*-^'^-*-^''*'A-or-OfM'sjtT''^— '^i^^/^(M^'^^^i5'*^^- 
o  if>  —  » -o  r^  CT- -^  o  f^ '*^  fy  i/^  u^  >#■  (^J  ■*  ^- <A '^  ""^  "/^  O"  (%j  o  cr  o  c 

o  ■T  ?•  ry 'f '^  <?"  ■  f"  ""'^  ®  ■"  <y  o*  1*^  o '^  o  aj  IN*  in  h- -o  1^  o  csj 

O  «0  ^  —  (T  l^ —  •»■  CT —-•  ^'^  t '^  "^ '^  O  "^  *°  <^  •-''*' ^  *- *^ '*' *-■ 
o  o  tr  fV  O  "^ -T  •*>  f^J^i  f*^  f^  O  <C -O  U^  4- f^  fSi -"M  ^  f^ -^  "^  O  C^ '~>J 


•O— •f^'<O^Oi/ 


^  j'lfir'^r^h 


D^  J-i^rg- 


OOOC-OOOOOOOOOOOOOOOOOCOOOO-^^-*'^'^^'^' 


-.<N(^«» 


I  ( 


-orc-or- 


a  r- h- sT  O  4  INJ 'T  C*  1^  X  P- -^  X  —  (T -•  ■*  f- 1^  O 


-oca-f* 


-ocNjt-r 


^rgr'<NJh-rgt-rv 


I   I   I 


-4^^^^^-«^^f-<OOOOOOOOOOOOCOOOOO 


ClTKStlf 


I 


-oo 


C  —  -J  •£  ■£  — f\HM 
OX'^^-O'OOO 

f*\  ^^  f>j  fsj  f\*  r*> '•\  1^ 


OiTCDOJ'fsi.'^N 
OiA-^OOOOO 


^r-tr  — 


c -o -^  *r  iT  i—O'  in 
TOO*'  O-T  -Jt^ 


ocooooc- 


I 


I  I 


4'— <*^»^-^|^^- 


<     ^cM»'»*m«r*cc(^o^<N*^**'ir*-of'<to*c- 


-•  oj  f^  ■*  i/x  ^*  <c  (^  o -"^  f* 


.'    oooooo 

—    oooooo 

oooooo 

i/>    If  u.  Toor^ 


39 


co-^— oooo 
ooooococ 

UJ  LU  UJ  UJ  UJ  UJ  UJ  UJ 

0-J"C>mvr\CT*frnA 

O  ry  ^J- lA -O  O^  CD  O 


^ooooooo 
oooooooo 

iLLfUJUJUJUJUJliJUJ 

r^  ."Nj  ir» -- o  j^  Ln  in 


I  I  I  I  I  I  I  I  I  I 


oococoooocoooooo 

liJUJU)UJUJUJUJUJUJUJIi.'UJUJUjUJUJ 

O^^Jr^icOPsJr-^'A^O^^(7•^cv^J*^cC(Q 
OinoiTi.-^coorsjf^o-^f^rgooo 

O  .T>  f\j  rvj  h- o  r- ^  rg  CP  ^  in  ^  rg  f\j  f\( 
ocr)rg*ocrcr-r-.Ot— ^tcr— 'fNjrgrgfsj 


OOOOOO 
OOOOOO 

UJUJUJUJUfLU 

o  1^  m  X  a'  j> 
ONOomrrtm 

fO^COCOCOQC 


OOOOOO 
OOOOOO 

liJUJUJUJUJUJ 
OCOfSJCO^O 

o^>^}■^--£^ 

Ou*\C>>0^'4' 

o  cr  vj- 'J' nO  <o 

oiroi-irMrvj 
Oin^-^^nrnm 

^in>ooo'0 


(NJ  (\!  in  in  %t  ro  (^ 

OOOOOOO 

UJl  JUJUJUJLUIJJ 
^DO^Of^ '-•>}■ -J- 
CrOf^OO"  PyCO 

cc  m  m  ^-  fsj  tT"  in 
>r -^xr-nj^^i- 
^o  rg  >r  cr  fvj  o  c> 
^inh-fM.— too 
'^h-rgO(NJCoh- 


ooo 

I  lU  UJ 

c^-^o 

orsjo 
■^'~><, 
fsjfvrg 

•Ooco 


ooooo-^ 
I  I  I 

UUJUJUJ  4JLU 

'  iTi  ro  r-  f<i  nj  o 

lOh-on^O 

o  h-  c>  lA  m.  o 

-nco— <— *rno 

— ifMfvjh-fNjO 

ir^cDoor-o 


m  in  n^ -^  ro  CMM  >f  m  ^  r\j  sj- rg  CD  — *  CM 
i       I    I    I    I    I    t  I 

f^J(^inln^J-  jrn'nfvjrg.-iO'-Nj-'^ro 

oooooooo oooooooo 
I  I  I  I 

UJU-L.  U.  JJUJL(U;U'lwi^Ujl.jl;.t|-LJ 

o  >o  m  r- -n  cc- cc  <\j  ro  o  r^  >o  o  o*  o  o 

•—      sO  rn  r^  cr  ro  C  O  fO  f*^  (T.  i/<i  fvj  pr,  Q  pj  Q 

*-»     ^(Mcrro^r^r»(Nja,--ocmcorONOO 

—      ■TQrr^rO-^infvjorr-r<>'nr^,«jonfy.c^ 

Q3  rsj^-xO'ccarinx^nja^-OsOun-ooo 
ioC'XO^r--f\jf\isrc>cin-^o— <c>^ 
>cf\;a)r*•^-^^^OsJ■c^oiu(^J^-^nCT'(^J 

r-<.-»xrNjxf\(xnjc7'i— .-^rn.-isOM.-* 


oocooo 
I   I   I   I 

LUIlJilJ'iJ'JJU' 

h-oor*-o^ 

CMO— 'f^CMNJ 

f*- r^  h- o  f^  CT 

r^  rA  X  h-  >r  v-o 
ox>j-or-cn 
(Niincor^rof**^ 

fViinx-j-'^rg 


^o^fNjincT* 

OOOOOO 

t  r  1  I 

ti  u:lju,ijjuj 
X  m  m.  fO  (\i  -^ 
coro.-tfvx'O 

nO  f'>  '/\  o  r^  f\i 
r'^o^-'*>0(*^ 
f*^  f^  rsi  st  ^^  03 

•-•cgf*>f\jcn— I 


<      ^r\jfO>}-m^r^aLQsQ^f>yp-)^i^^ 


•-•rgm^ino 


OOOOOO 
OOOOOO 
OOOOCO 

IT  u.  I  ^  o  1^  r- 

psj  ^r  u"!  in  cr:  ^ 
-^^a-a  <3g7 


ko 


PRGORA!"    2.    1-:QUAL    A.'PLITLJnt    RC.    MCTCH    NtT'.vCRK 


C      EQUAL    AMPLITUDE    RC    NETWORK 

1  READ,    Wl,    W2»    DELW 
PUNCH    4 

4  FCRMAT(11X»    5HCMEGA10X t^HEVAL/ ) 
3    W    =    Wl 

X    =    l.*W**8+26.*W**6+198.*W**4+28.*W**2+l. 
EVAL=(1.*W**8+12»*W«*6-26.*W**^+12.*W**2+1. )/    X 
PUNCH    5     ,    W       ,    EVAL 

5  FORMAT  (  5X»  F12.6  ♦  5X»  F12.6) 
Wl  =  Wl  +  DELW 
IF(W2-W)2»3,3 

2  GO  TO  1 
END 


i+l 


DATA  FOR  GRAPH  CF  VALUE  VS  OMEGA  -  EQUAL  AMPLITUDE  RC  NETWORK 

OMEGA  EVAL 

.OCOOOO  l.COOOOO 

.050000  .961353 

.100000  .859661 

.150000  •  .726341 

.2U0000  .590164 

.250000  .467775 

.3^0000  .365107 

.350000  .282053 

.400000  .216071 

.450000  .164088 

.500000  .123288 

.550000  .091337 

.600000  .066390 

.650000  .047016 

.700000  .032111 

.750000  .020824 

.800000  .012498 

.850000  .006617 

.9o0000  .002778 

.950000  .000658. 

1.000000  0.000000 

1.050000  .000595 

1.100000  .002273                          -    ' 

1.150000  .004891 

1.200000  .008333 

1.250000  .012498 

1.300000  .017303 

1.350000  .022674 

1.400000  #028549                          : ' 

1.450000  .034873                     '  •   ' 

1.5^0000  .041597 

1.550000  .048680 

1.6J0000  .056082 

1.650000  .063770 

1.700000  .071711 

1.750000  .079880 

1.800000  .088249 

1.850000  .096795 

1.900000  .105496 

1.950000  .114333 

2.000000  .123288 

2.050000  .132342 


k.2 


OMEGA  EVAL 

.000000  1.000000 

10.000000  .859661 

20.000000  .961353 

30.000000  .982495 

40.000000  .990087 

50.000000  .993636 

60.000000  .995573 

70.000000  .996744 

.  80.000000  .997506 

90.000000  .998028 

100.000000  .998402 

110.000000  .998679 

OMEGA  EVAL 

100.000000  .998402 

200.000000  .999600 

300.000000  .999822 

400.000000  .999900 

500.000000  .999936 

600.000000  .999956 

700.000000  .999967 

800.000000  .999975 

900.000000  .999980 

lOOO.COOOOO  .999984 

1100.000000  .999987 

1200,000000  .999989 

1300.000000  .999991 

1400.0U0000  .999992 

150U.OoQOOO  .999993 

1600.000000  .999994 

1700.OUOO00  .999994 

1800.000000  .999995 

1900.000000  .999996 

2000.000000  .999996 

2100.000000  .999996 

2200.000000  .999997 

2300.000000  .999997 

2400.000000  .999997 

2500.000000  .999997 

2600.0u0000  .999998 

2700.000000  .999998 

2800.000000  .999998 

2900.000000  ,999998 

3000.000000  .999998 

3100.000000  .999998 

3200.000000  .999998 

3300.000000  .999999- 


h2 


3400.000000  .999999 
3500.000000       -    .999999 

3600.000000  .999999 

3700.C00000  .999999 

3800.000000.  .999999 

3900.000000  .999999 

4000.0O00C0  .999999 

AlOO.OUOOOO  .999999 

4200.0UOO00  .999999 

43U0.0OG000  .999999 

4400.000000  .999999 

4500.000000  .999999 

46C0. 000000  .999999 

4700.000000  .999999 

4800.000000  .999999 

49C0.C00000  .999999 

5000.000000  .999999 

5100.000000  .999999 

5200.000000  .999999 

5300.000000  .999999 

5400.0^0000  .999999 

5500.000000  .999999 

5600.000000  .999999 

5700.000000  1.000000 

5800.000000  1.000000 

5900.000000  1.000000 

6000.000000  1.000000 

6100.000000  1.000000 

6200.000000  1.000000 

6300.000000  ,  1,000000 

6400.000000  '  1.000000 

6500.000000  1.000000 

6600.0UOOOO  1.000000 

6700.000000  1.000000 

680C.0uOO00  1.000000 

6900.000000  1.000000 

7000.000000  1.000000 

7100.000000  1.000000 

7200.000000  1.000000 

7300.000000  1.000000 

7400.000000  1.000000 

7500.000000  1,000000 

7600.000000  1.000000 

7700,000000  1.000000 

7800.000000  1.000000 

7900.000000  1,000000 

8000.000000  1.000000 


kk 
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3.  j;it(vUAL_  AiPLITUDh  RC  .NCTCn  ,\LTWCRr 


C   UNEQUAL  AMPLITUDE  RC  NETWORK 

1  READ*  Wl»  W2f  DELW 
PUNCH  4 

4  FCRMATdlX,  5H0MEGA10X  ♦4HEVAL/ ) 
3  W  =  Wl 

X  =  81.*W*«-8  +  540.*W**6+918.*W**4+60,*W**2  +  l. 
EVAL=(9.»W**8+12.*W*»6-50.*W**4+28.*W*»2+1.)/  X 
PUNCH  5  ,  W   »  EVAL 

5  FORMAT  (  5X,  F12.6  .  5X»  F12.6) 

Wl  =  Wl  +  DELW  / 

IF  (  W2  -  W  )  2*3*3 

2  GO  TO  1 
END 
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C   C   DATA  FOR  GRAPH  OF  VALUE  VS  CMEGA  -  UNEQUAL  AMPLITUDE  RC  NETWORK 

OMEGA  EVAL 

.000000  1.000000 

,    \            .050000  .925539 

.100000  .75?'^01 

.150000  .56890^ 

■    .200000  .416185 

.250000  .302013 

.300000  .219486 

.350000  .160083 

.400000  .117007 

.450000  .085438 

'           .500000  .062069 

.550000  .044640 

.600000  .031589 

.650000  .021824           .      . 

.700000  .014563 

.750000  .009237 

.800000  .005426 

.850000  .002813 

.9u00U0  .001157 

.950000  .000268 

1.000000  0,000000           •  . 

1.050000  .000233 

1.100000   _,  .000874                  ' 

1.150000  .001844 

1.200000  .003080 

1.250000  .004530 

1.3U00U0  .006151 

1.350000  ■   ,007906 

1.4UU000  .009765 

1.450000  .011703 

1.5O000C  .013699 

1.5  5  00  00  .015733       ■ 

1.600000  .017792 

1.650000  .019862 

1.7C000C  .021932 

1.750000  ,023995 

1.800000  .026041 

1.850000  ,028066 

1.900000  .030064 

1.950000  .032030 

2.000000  .033962 

2.050000  .035857 


-  if  6 


CMEGA 
1.000000 
11.000000 
21.000000 
31.000000 
^1.000000 
51.000000 
61.000000 
71.000000 

ei.ouoooo 

91.000000 
101.000000 

CMEGA 

100.000000 

200.000000 

300.000000 

400.000000 

500.000000 

600.000000 

7C0. 000000 

800.000000 

900.000000 

lOOO.OuOOOO 

1100.000000 

1200.000000 

1300.000000 

1400.000000 

1500.000000 

1600.000000 

17C0. 000000 

ISOO.OuOOOO 

19CO.Ou0000 

2000.000000 

2100.000000 

2200.000000 

2300.000000 

2400.000000 

2500.000000 

2600.000000 

2700.000000 

2800.000000 

290C.00000C 

3000.0^0000 

3100.0^0000 

3200.0U0000 

3300.0UOO0O 

.3400.000000 

3500.000000 

3600.000000 

3700.000000 

3800.000000 


EVAL 

o.ooooco 

.106352 
.109778 
.110497 
.110759 
.110884 
.110952 
.110994 
.111021 
.111040 
.111053 

EVAL 

.111052 
.111096 
.111105 
.111107 
.111109 
.111109 
.111110 
.111110 
.111110 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 

■  .111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 
.111111 


1^7 


3900.000000 

4000.000000 

41CO.O00OUO 

4200.000000 

4300.000000 

4400.000000 

4500.000000 

4600.000000 

47C0.OU000O 

4800.000000 

4900.000000 

5000.000000 

5100.000000 

5200.000000 

5300.000000 

5400.000000 

5500,000000 

5600.000000 

5700.000000 

5800.000000 

5900.000000 

6000,000000 

6100,000000 

6200.0u0000 

6300.0v.'00G0 

6400.000000 

6500.000000 

6600,000000 

6700,000000 

6800,000000 

6900,000000 

7000,000000 

7100,OuOUOO 

7200,000000 

7300,000000 

74O0,0o0000 

7500,000000 

7600,000000 

7700.000000 

7800,000000 

7900,000000 

8000,000000 

8100,000000 

8200.000000 

8300.000000 

8400.0O000U 

85oO,OoOOOO 

8600,000000 

8700,0o0000 


,111111 

.111111 

,111111 

,111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

,111111 

.111111 

.111111 

,111111 

.111111- 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 

.111111 


--J^-'_ 


8800.000000 
8900.000000 
9000.0UOOO& 
9100.0U0000 
92OO.U0QOOO 
9300.000000 
9400.000000 
95C0. 000000 
9600.000000 
9700.000000 
9800.000000 
9900.000000 
10000.000000 
10100.000000 
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4.     ErjUAL    A'-pLITUi^F     RC    NOTCH    MCTWCRn    WITH    CC'vfil-.CT  1  CM    X, 


/ 


X 


C   EQUAL  AMPLITUDE  RC  NETWORK    (  WITH  CCNNECTICN  X»  X  ) 

1  READ*  Wit  W2»  DELW 
PUNCH  4 

3  W  =  Wl       . 

4  FCRKATdlX*  5HCMEGA1  0X»4HEVAL/ ) 

Y  =  0.01452*W**10+1.58792*W**8+55.6&9*W*»6 

Z  =  620. 6739*W**4-799.069*W**2  +  243. 7876 

X  =  0«01452»W**10+3.43604*W**8+180.1407*W**6 

P  =   2710. 1409»W**4+7533«5867*W**2+243. 7876 

EVAL  =  (Y  +  Z  )/  (  X  +  P  ) 

PUNCH  5  ♦  W   .  EVAL 

5  FORMAT  (  5X»  F12.6  ♦  5X»  F12.6) 
Wl  =  Wl  +  DELW 

IF  (  W2  -  W  )  2»3»3  ... 

2  GO  TO  1  .  .       ■;  :'".■  N-  •   -■-. 

END  ..:-■/   r  :  ■  ■  ' 
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DATA  FOR  GRAPH  CF  VALUE  VS  CMEGA  -  EQUAL  AMPLITUDE  RC  NETWORK 

OMEGA  EVAL 

.000000  1.000000 

.050000  .  .920634                         .^  '   ' 

.100000  .738456 

.150000  .545313 

.200000  .387315     '  '  •                     ^ 

.250000  .270637                      '  ,   .  ■  . 

.3^0000  .187457 

.350000  .128612                              ' 

.400000  .086919 

.450000  .057329 

.5( 3000  .036396 

.550000  .021767 

.600000  .011819 

.650000  .005408 

.700000  .001716 

.750000  .000142 

.8U00C0  .000236 

.850000  .001657  • 

.9^0000  .004140 

.950000  .007474 

1.000000  .013212 

CMEGA  EVAL 

1.000000  .013212 

2.000000  .154531 

3.000000  .334853 

4.000000  .485036 

5.000000  .603284 

6.000000  .701436 

7.000000  .773125 

8.000000  .832461 

9.0U0O0O  .876527 

10.000000  .913462 


51 


OMEGA  EVAL 

10.000000  .913462 

2C.0000C0  .995837 

30.000000  .  .997543 

40.000000  .998122 

50.000000  .998963 

60.000000  .999017 

70,000000  .999109 

80.000000  .999120 

90.000000  .999163 

100.000000  .999179 

OMEGA  EVAL 

100.000000  .999179 

200.0u0000  .999187 

300.000000  .999199 

400.000000  ,999205 

500.000000  .999491 

600.000000  .999647 

700.000000  ,999740 

800.000000  .999801 

900.000000  .999925 

1000.000000  .999947 
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The  notch  RC  network  with  equal  amplitude  at  zero  and 
infinite  frequencies  has  been  adequately  covered  in  literature. 
Its  chief  applications  have  been  in  feedback  amplifier  problems. 

The  purpose  of  this  report  is  to  exhibit  an  RC  notch  net- 
work with  unequal  amplitude  at  zero  and  infinite  frequencies. 
Further  investigation  was  made  with  terminals  X,  X'  connected. 
The  resulting  network  became  an  equal  amplitude  network,  with 
the  notch  frequency  slightly  less  than  that  of  the  original 
case  and  the  notch  minimum  value  equal  to  zero. 

Investigation  of  the  Q's  for  each  network  shows  that  the 
new  network  (Fig.  9)  has  a  smaller  Q,,  and  hence  a  wider  band- 
width than  the  standard  twin-tee  network. 


